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(57) Abstract 

A variety of stent designs that utilize interlocking rings are disclosed. Each ring is arranged to have a plurality of expandable loops. 
In some embodiments, some of the loops on each ring are arranged to interlock with a portion of an adjacent ring. The mating structure on 
the adjacent ring may take the form of loops or a dedicated interlocking structure. In other embodiments, separate interlocking members 
are used to interlock adjacent rings. 
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LINKAGE STENT 

5 

BACKGROUND OF THE INVENTION 

The present invention relates generally to stents. More specifically, improved 
stent designs that incorporate interlocking elements are described. ~~ 

10 

In recent years the use of stents in various endo vascular and other medical 
procedures has become increasingly popular. Accordingly, a number of stent designs 
and insertion procedures have been proposed and used within the medical 
community. By way of example, U.S. Patent Nos. 5,593,412, 5,314,444, 5,135,536, 

15 5,116,365 and 4,856,516, and European Patent Application No. EP 0 830,853 
describe a few conventional stent designs. Generally, an expandable stent is placed 
over a balloon at the distal of an catheter and inserted into the vessel of interest. 
When the stent is properly positioned, the balloon is inflated thereby expanding the 
stent. The catheter is then withdrawn leaving the expanded stent in place within the 

20 vessel. 

In many applications, the stent must travel along a tortuous path as it is 
inserted through the vessel. Therefore, one stent characteristic that is often desirable 
is that the stent be longitudinally flexible to permit it to bend easily as it is inserted. 

25 That is, it is desirable for the stent to readily bend along its length so that the stent can 
bend as necessary as it is inserted through a tortuous vessel. Other stent 
characteristics that are generally considered desirable include good radial strength 
after expansion and uniform expansion along the length of the stent. Although 
existing stents work well in many applications, there are always efforts to improve 

30 stent designs. Accordingly it is an objective of the present invention to provide new 
and useful improved stent designs. 

SUMMARY OF THE INVENTION 

To achieve the foregoing and other objects and in accordance with the purpose 
35 of the present invention, a variety of improved stent designs that utilize interlocking 
rings are disclosed. Each ring is arranged to have a plurality of expandable loops. In 
some embodiments, some of the loops on each ring are arranged to interlock with a 
portion of an adjacent ring. The mating structure on the adjacent ring may take the 


-1- 


WO 00/15151 


PCT/US99/21106 


form of loops or a dedicated interlocking structure. In other embodiments, separate 
interlocking members are used to interlock adjacent rings. 

In some embodiments that incorporate interlocking members, some of the 
5 interlocking members include a retaining bar and a coupling member carried by the 
retaining bar. The coupling members are arranged to interlock with adjacent rings. 
The coupling members may be arranged to interlock with coupling members on the 
adjacent rings, or with loops within the adjacent rings. The coupling members may 
take the form of anchors, hoops, sockets, balls and a wide variety of other structures. 

10 

In various other embodiments, each ring includes a pair of wires each having a 
plurality of expandable loops with at least one linkage arranged to couple the wires. 
At least some of the loops on each ring are arranged to interlock with a portion of an 
adjacent ring when the stent is in an unexpanded condition. In some 
15 implementations, the wires within a ring are substantially mirror images of one 
another and the linkages couple apexes of adjacent loops in their associated wires. In 
others the first and second wires have different geometries and are arranged such that 
apex portions of their adjacent loops are complementary. 

20 In still other embodiments, the rings are configured such that adjacent rings 

have different geometries and are arranged so that apex portions of loops on adjacent 
rings are complementary. In some cases, the adjacent rings may be coupled together. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with further objects and advantages thereof, may best 
be understood by reference to the following description taken in conjunction with the 
accompanying drawings in which: 

30 FIGURE 1 is a pattern diagram of a linkage stent in accordance with one 

embodiment of the present invention. 

FIGURE 2 is a pattern diagram of a linkage stent in accordance with a second 
embodiment of the present invention. 

35 

FIGURE 3 is a pattern diagram of a linkage stent in accordance with a third 
embodiment of the present invention. 
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FIGURE 4 is a pattern diagram of a linkage stent in accordance with a forth 
embodiment of the present invention. 

FIGURE 5 is a pattern diagram of a linkage stent in accordance with a fifth 
5 embodiment of the present invention. 

FIGURE 6 is a pattern diagram of a linkage stent in accordance with a sixth 
embodiment of the present invention. 

10 FIGURE 7 is a pattern diagram of a linkage stent in accordance with a seventh 

embodiment of the present invention. 

FIGURE 8 is a pattern diagram of a linkage stent in accordance with an eighth 
embodiment of the present invention. 

15 

DETAILED DESCRIPTION OF THE INVENTION 

A few embodiments of the invention will now be described with reference to 
the drawings. Figures 1-8 illustrate a few specific stent patterns in accordance with 

20 various aspects of the invention. The described stents include a plurality of rings that 
are arranged to interlock with one another at least when the stent in crimped for 
insertion into a vessel such as an artery. A variety of interlocking mechanism are 
described. In some embodiments, loops formed within adjacent rings are arranged to 
interlock, while in other embodiments dedicated interlock mechanisms are used. In 

25 still other embodiments a combination of the two approaches are used. The described 
stent designs have very good longitudinal flexibility and are radially strong which 
make them ideal for a number of applications. Several of the embodiments also have 
a relatively large surface areas that are relatively evenly distributed in the expanded 
position which make them good for the delivery of radiation in applications where 

30 radiation is desired. 

As will be appreciated by those skilled in the art, the stent patterns are shown 
in a planer layout. To form the stent, the top portion of the stent pattern is attached to 
the bottom portion of the stent pattern, thereby forming a tubular structure. To assist 
35 in the visualization of the patterns, in many of the drawings, specific rings are shown 
with cross-hatching. This is not intended to suggest that adjacent rings would 
typically be formed from different materials, rather the cross-hatching is utilized to 
make it easier to visualize the ring patterns. 
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Referring initially to Figure 1, a stent 18 in accordance with the first described 
embodiment includes a plurality of interlocking rings 20 and a pair of end rings 24. 
As best seen at the right side of Figure 1 wherein the geometry of a single 
5 interlocking ring 20 is shown cross hatched, the interlocking rings 20 each have a pair 
of matching wires 25, 26 that are each arranged in a serpentine manner to form a 
plurality of inner and outer loops 28 and 29 and are essentially mirror images of one 
another. The wires within the same ring are coupled by connecting bars 27 which 
couple the apexes of adjacent inner loops 28. 

10 

As best seen in Figure 1, adjacent interlocking rings 20 are vertically 
staggered from one another and positioned such that the inner loops 28 of a first wire 
25 on a first ring 20, are arranged to receive the outer loops 29 of a second wire 26 of 
an adjacent ring 20, and vice versa. The inner and outer loops are sized such that the 
15 maximum diameter d, of the outer loops is less then the diameter of constrictions d 2 
in the inner loops. With this arrangement, adjacent rings are effectively interlocked 
by the mating engagement of the inner and outer loops of adjacent ring wires. 

The actual dimensions of various ring, wire, connecting bar and loops may be 
20 widely varied depending upon the needs of a particular system. The number of 
interlocking rings used in a particular stent will depend in large part upon the desired 
overall stent length, as well as the length of connecting bars 27 and the length Lj of 
the outer loops 29. Similarly, the number of loops in each ring utilized in a particular 
stent will depend in large part upon the desired overall stent diameter, as well as the 
25 distance between adjoining loops. By way of example, in one specific 
implementation, each wire 25, 26 in each interlocking ring 20 is formed into four 
loops having a longitudinal width of 0. 1 mm, an inner loop centerline radius of .275 
mm, an outer loop centerline radius of .475 mm, a gap between adjacent loops of 0.1 
mm and a ring pitch of 3.75 mm. Since each ring has two wires, the wire pitch 
30 averages about 1 .9 mm. 

In the embodiment shown in Figure 1, the stent 18 includes a pair of end rings 
24 located on opposite ends of the stent. Each end ring is a single wire serpentine 
ring that is arranged to mate with one side of an adjacent interlocking ring 20. The 
35 inner and outer loops of the end rings match the sizes of the inner and outer loops of 
the interlocking rings to provide good interlocking between the end rings and their 
adjacent interlocking rings. Thus, it should be appreciated that in the embodiment 
shown, the diameters of the inner and outer loops of the end rings are not the same. 
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In alternative embodiments the end rings can be eliminated. The illustrated design 
can be varied in a number of ways. In the embodiment shown, the inner and outer 
loops of the interlocking rings have different diameters, but the interlocking rings 
have the same dimensions from ring to ring. The only difference is that adjacent 
5 rings are offset from one another by half a loop such that their respective loops 
interlock. However, there is no requirement that the interlocking rings have the same 
geometry as one another. Rather, the size of the various loops can be varied 
somewhat as long as they remain complementary with their neighbors. Similarly, 
each loop of each ring is shown to interlock with a loop on an adjacent ring. 
10 However, true interlocking could be provided on only some of the loops. Further, the 
connecting bars are illustrated as occurring between each of the inner loop apexes of 
adjacent wires within a ring. However, it would be possible to utilize fewer 
connecting bars as well. 

15 The described linkage stent structure is extremely flexible longitudinally and 

is radially strong. When the stent is expanded (not shown), the loops stretch out in a 
manner that gives a relatively uniform distribution of the surface area of the stent 
which is desirable in many situations. It is noted that in the embodiment shown in 
Figure 1, the rings are interlocked before the stent is expanded, but after expansions 

20 there is no physical connection or other coupling between the rings. Thus, there are a 
series of independent adjacent rings. In most applications, the body vessels (such as 
arteries) that the stents are placed in are somewhat resilient and therefore the vessel 
will naturally hold the expanded rings in place and prevent the rings from dislodging 
or slipping after the stent has been placed. 

25 

In some circumstances, it may be desirable to provide a mechanism for 
coupling the various rings together even in the expanded state. Referring next to 
Figure 2, a second embodiment will be described which physically couples its 
adjacent interlocking rings 30. The interlocking rings 30 in this embodiment are 

30 formed substantially the same way as the interlocking rings 20 described above with 
respect to Figure 1 . The only difference is that adjacent rings are coupled together by 
connectors 32 that couple sidewall portions 33 of adjacent loops 37, 39. The 
connectors 32 are arranged to couple sidewall portions of adjacent loops so that the 
longitudinal stability of the stent is not significantly compromised during expansion 

35 of the stent. It should be appreciated that if the inter-ring connectors 32 were to 
connect adjacent loop apexes, the stent would significantly contract longitudinally 
during expansion. By connecting the sidewalls of the loops, the amount of 
longitudinal contraction that is likely to occur during expansion is minimized. In the 
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embodiment shown, each interlocking ring 30 is coupled to its neighbor by a single 
inter-ring connector 32. In other embodiments, multiple inter-ring connectors may be 
utilized between each pair of adjacent rings. The potential disadvantages of adding 
multiple inter-ring connectors between each adjacent pair of rings is that it would 
5 decrease the longitudinal flexibility of the stent as well as increase the likelihood of 
longitudinal contraction of the stent during expansion. In the embodiment shown, the 
inter-ring connectors 32 are staggered circumferentially about the stent so that they do 
not lie in a line. This also helps the longitudinal flexibility of the stent. However, in 
alternative embodiments the circumferential placement of the connector bars could be 
10 widely varied. 

The embodiment illustrated in Figure 2 has the advantage of affirmatively 
coupling adjacent rings while maintaining good radial strength and longitudinal 
flexibility. In some implementations, the affirmative coupling of adjacent rings may 
15 be desirable to provide additional ring stability, particularly in the expanded state. 

The embodiments illustrated in Figures 1 and 2 have a good density of wires, 
especially when compared to conventional stent designs. When the stent is expanded, 
the pattern is relatively uniform in terms of not having large holes in it. Relatively 

20 higher wire densities and relatively uniform wire distribution in the expanded state 
are a couple of characteristics that are often desirable in stent design. Higher wire 
densities are often desirable to improve the mechanical ability of the stent to hold 
material, such as artherioslorotic plaque, in place within an artery. Another 
application where higher wire densities may be desirable is when the stent is used to 

25 deliver radiation. In these applications, the higher wire densities, in general, facilitate 
more uniform delivery of the radiation. 

Referring next to Figure 3, another stent design that facilitates even higher 
wire densities will be described. In the embodiment show, the stent 40 takes the form 

30 of a series of alternating uniform rings 41 and interlocking rings 42 which have 
different shapes. The first set of rings 41 have a uniform serpentine shape having a 
plurality of back to back uniform loops 44. A second set of rings 42 are arranged to 
have exaggerated interlocking loop segments 45 that are adapted to be received by the 
uniform loops 44 in their adjacent rings 41. The shape of the loops 45 in the 

35 interlocking rings 42 are extended so that they alternate back and forth between the 
inner portions of the uniform loops 44 a pair of adjacent uniform rings 41 . As can be 
seen in Figure 3, the uniform rings 41 do not overlap with one another in this 
embodiment, although the interlocking rings 42 do overlap in the unexpanded state. 


-6- 


WO 00/15151 


PCT/US99/21106 


It should be appreciated that one advantage of the described structure is that 
even higher wire densities can be obtained using this design. By way of example, 
using standard loop sizes, center to center distances between adjacent wires on the 
5 order of one millimeter are readily available using current technology. 

Even more so then the embodiment described with respect to Figure 1, the 
design of Figure 3 provides a large number of independent (in this case single wire) 
rings which typically will not be coupled after the stent has been expanded. 
10 Therefore, in some embodiments it may be desirable to add connecting bars (not 
shown) at strategic locations between adjacent pairs of rings 41 and 42. By way of 
example, each of the uniform rings 41 could be physically coupled to an adjacent 
associated one of the interlocking rings 42. In still other embodiments it may be 
desirable to utilize offset connecting bars to couple more then a pair of adjacent rings. 

15 

Referring next to Figure 4, yet another embodiment of the invention will be 
described. In this embodiment the stent 50 has a plurality of interlocking rings 52 
and an end ring 51 each having a generally uniform serpentine configuration. A 
retaining bar 54 is coupled to the apex of each loop 53 on one side of each 

20 interlocking ring 52 (the left side in the orientation illustrated in Figure 4). Each 
retaining bar 54 includes an anchor 55 at its distal tip. The width of the retaining bars 
54 are sized to pass through the narrow gap 57 formed between adjacent loops in an 
adjacent ring. At the same time, the diameter of the anchors 55 are sized to be larger 
then the narrow gaps 57 but still fit within the adjacent loop to form an anchor that 

25 interlocks adjacent rings when the stent is in the unexpanded or crimped position. In 
the illustrated embodiment, the end ring 51 does not have the described retaining 
bars. 

As with the previously described embodiments, the dimensions of the various 
30 components of stent 50 can be widely varied. For example, the loop size and retaining 
bar lengths can be varied to increase or decrease the distance between adjacent rings. 
By way of example, in one embodiment, each interlocking ring 52 is formed from a 
flat wire having a total length of 5 mm, that is formed into five loops 53 having a 
longitudinal width of 0.1 mm, an inter-loop gap 57 of 0.25 mm and a maximum inner 
35 loop diameter 58 of 0.625 mm. In such an embodiment, the retaining bars 54 may 
have a length in the range of 0.5 mm to 1 .0 mm and the anchors 55 may have an outer 
diameter of 0.4 mm. One advantage of the described structure is that adjacent rings 
may be placed very close together. By way of example in the described embodiment 


-7- 


WO 00/15151 


PCT/US99/21106 


ring pitches (i.e. the distance between adjacent rings) on the order of 1.5 mm are 
readily obtainable. 

The geometry and dimensions of the described anchors 55 may be widely 
5 varied. In embodiments that are intended to deliver radiation, the anchors are 
preferably not solid elements since solid elements are likely to form "hot" spots 
which deliver too much radiation to a small area. By way of example, in the 
illustrated embodiment, the anchors are formed as hoops as opposed to solid 
elements. Such an arrangement reduces the amount of metal in a concentrated region 
10 in the expanded position which is generally desirable in embodiments which are 
intended to deliver radiation. Although a generally hoop-shaped anchor is illustrated, 
other anchor geometries, as for example ovals, teardrops and ellipses may be readily 
used. 

1 5 When the stents illustrated in Figure 4 are expanded, it has been observed that 

there is some twisting that causes the retaining bars 54 to extend outward from the 
generally cylindrical tube formed by the expanded rings 52. Thus, the anchors 55 
extend at least partially outward. The amount of protrusion of the anchors depends 
on a number of factors including, most notably, the length of the retaining bars and 

20 width of the wires used to form the interlocking rings. In practice, the amount of 
anchor protrusion can be controlled somewhat by varying the various design 
parameters. In some implementations, this " out-of-plane" extension of the anchors 
55 can be used to effectively form "hooks" that protrude into vessel walls to help 
anchor the stent. When desirable, the geometry of the anchors can be varied to form 

25 barbed structures that further enhance the anchoring ability of the anchors 55. 

Although the embodiments described with reference to Figure 4 have several 
applications, in many other applications it is undesirable to have significant out-of- 
plane extension of the anchors. Further, it should be appreciated that in the expanded 
30 position, the adjacent rings do not interlock, which is considered undesirable in some 
implementations. These drawbacks are addressed in the stent 60 illustrated in Figure 
5. 

Referring next to Figure 5, stent 60 utilizes ball and socket type structures to 
35 interlock adjacent rings. More specifically, in the embodiment shown, the stent 
includes a male end ring 61, a plurality of interlocking rings 62 and a female end ring 
63. Each of the rings has a generally uniform serpentine configuration and a plurality 
of coupling members that are arranged to mate with coupling members on an adjacent 
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ring to form socket type structures that interlock adjacent rings. A male coupling 
member 65 is coupled to the apex of each loop 66 on one side of each interlocking 
ring 62 (the right side in the orientation illustrated in Figure 5). A female coupling 
member or socket 68 is coupled to the apex of each loop 69 on the other side of each 
5 interlocking ring 62 (the left side in the orientation illustrated in Figure 5). In the 
illustrated embodiment, the end rings 61 and 63 each have just one set of coupling 
members. In this embodiment, the loops of adjacent rings do not interlock directly 
with one another or with a coupling element from an adjacent ring as described in the 
previous embodiments. Rather, the coupling members 65, 68 effectively form 
10 anchors which couple adjacent rings. One advantage of the described structure is that 
adjacent rings remain interlocked even after the stent has been expanded. 

In the illustrated embodiment, each coupling member 65, 68 is carried by a 
short retaining bar 70, 71. The use of short retaining bars tends to reduce the out-of- 

15 plane bending of the coupling embers as compared to the embodiment described 
above with respect to Figure 4. The male coupling members 65 take the form of 
hoops, while the female coupling members 68 take the form of sockets that engulf the 
hoops. As described above with reference to Figure 4, the primary reason for using 
hoops 65 in the illustrated embodiment is to facilitate the delivery of radiation 

20 without forming hot spots. In embodiments where radiation is not to be delivered, 
there would be no need to form the male members as hoops. Indeed the geometry of 
the coupling members 65, 68 may be widely varied so long as they mate 
appropriately. 

25 The stent design illustrated in Figure 5 has good radial strength and is 

longitudinally quite flexible. As described above, one common requirement for stents 
is that they be longitudinally flexible to permit their delivery through and 
implantation within tortuous vessels within a body. While the illustrated embodiment 
generally has good longitudinal flexibility, it should be appreciated that at some point 

30 of bending, one or more of the sockets 68 will bottom out against the retaining bar 69 
that carries its associated hoop 65. Thus, the described structure is extremely flexible 
until the stent is bend to the point where some of the sockets 68 press against their 
associated retaining bars 69. 

35 In some stent that have been tested, twisting of the type described with respect 

to Figure 4 occurs to some extent. That is, the loops may experience some twisting 
that causes the hoops 65 and sockets 68 to extend outward from the generally 
cylindrical tube formed by the expanded rings 62. As before, the amount of 
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protrusion of the anchors depends on a number of factors including, the length of the 
retaining bars and width of the wires used to form the interlocking rings. In general, 
the retaining bars are shorter and thus the out of plane movement tends to be reduced, 
which in many applications may be desirable. 

5 

Referring next to Figure 6, yet another socket based interlocking stent 72 will 
be described. This embodiment is quite similar to the hoop and socket interlocking 
arrangement described above with respect to Figure 5. However, in this case, the 
hoops are replaced by balls 75. In the embodiment shown, the balls 75 are 
10 substantially spherical, although their geometry can be widely varied. The point in 
this embodiment is that the balls 75 have more depth then the hoops 65. Therefore, it 
is less likely that the male and female coupling members will disengage in the event 
that there is out of plane movement of the retaining bars 70, 71 . 

15 In some implementations, it may be desirable to insure that adjacent rings in a 

stent are positively coupled even after expansion of the stent. Referring next to 
Figure 7, yet another stent design will be described. This embodiment is very similar 
to the embodiments of Figures 5 and 6, except that the male/female interlocking 
arrangement is replaced by interlocking hoops 85 that are carried retaining bars 

20 coupled at the apexes of adjacent rings. 

In the embodiments shown in Figures 5-7, each adjacent pair of loop apexes 
carries an appropriate interlocking member. However, in alternative embodiments, it 
may be desirable to provide fewer interlocking mechanisms between adjacent rings. 

25 By way of example, the interlocking mechanism on adjacent ring pairs may be 
staggered circumferentially about the stent so that they do not lie in a line. Such an 
arrangement would helps the longitudinal flexibility of the stent. In still other 
alternative embodiments the number of interlocking members provided on each ring, 
as well as their circumferential placement can be widely varied. Also, a number of 

30 the design parameters including loop and coupling member sizes can be widely varied 
to meet the needs of a particular design. Further, the retaining bars 70, 71 that carry 
the coupling members may be elongated, shortened or even eliminated as desired to 
appropriately size the stent. 

35 Referring next to Figure 8, yet another interlocking stent 90 will be described. 

This embodiment is quite similar to the hoop/ball and socket interlocking 
arrangement described above with respect to Figure 5 and 6. However, in this case, 
the rings 92 have the same orientation such that loops 93 from adjacent rings 92 
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match. The retaining bars 95, 96 are sized such that the interlocking members 97, 98 
nest within an associated loop 93. That is, a retaining bar that extends from an apex 
of a loop on one ring extends into the matching loop on an adjacent ring. The 
interlocking members 97, 98 are thus positioned within the matching loop. In the 
5 embodiment shown, the interlocking members take the form of balls and sockets as 
described above with respect to Figure 6. However, it should be appreciated that the 
above described hoop and sockets or interlocking hoops arrangements, as well as 
other suitable interlocking configurations may readily be used as well. As with the 
previously described embodiments, the number of interlocking members provided on 

10 each ring, as well as their circumferential placement can be widely varied. Also, a 
number of the design parameters including loop and coupling member sizes can be 
widely varied to meet the needs of a particular design. Further, the retaining bars that 
carry the coupling members may be elongated, shortened or even eliminated as 
desired to appropriately size the stent. The described geometry allows for closer rings 

15 spacing while providing good longitudinal flexibility. By way of example, ring 
pitches on the order of one millimeter are readily obtainable. 

The described stents may be fabricated from any suitable biocompatible 
material such as stainless steel, gold, tantalum, nitinol or other materials well known 

20 to those skilled in the art. In the described stent designs, care has been taken to 
provide a relatively large stent surface area having a relatively even metal distributed 
in the expanded position, without creating large holes in the expanded position. 
Relatively higher wire densities and relatively uniform wire distribution in the 
expanded state are a couple of characteristics that are often desirable in stent design. 

25 Higher wire densities are often desirable to improve the mechanical ability of the 
stent to hold material, such as artherioslorotic plaque, in place within an artery. The 
higher wire densities also make the stents particularly well suited for the delivery of 
radiation in applications where radiation is desired. In applications where radiation is 
not to be delivered and/or the mechanical advantages are not deemed necessary, 

30 alternative interlocking ring configurations that create substantially larger openings 
may be utilized. 

In this application, the mechanism used to implant the described stents have 
not been described. However, as will be appreciated by those skilled in the art the 
35 stents are readable inplantable using conventional delivery systems. 

Although only a few embodiments of the present invention has been 
described, it should be understood that the present invention may be embodied in 
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many other specific forms without departing from the spirit or scope of the invention. 
Particularly, in several of the embodiments, interlocking mechanisms were provided 
on every loop of the stent rings. However, it should be appreciated that in many 
applications, the number of interlocking mechanisms between adjacent rings can be 
5 reduced to as few as one interlocking mechanism. This is particularly true in 
embodiments that retain interlocking between adjacent rings in the expanded state. In 
some stent designs it may be desirable to combine two or more of the described or 
analogous interlocking mechanisms to meet the design goals of a particular 
application. By way of example, it may be desirable to positively interlock some of 

10 the adjacent rings or sets of rings in a manner that remains interlocked in the 
expanded state, without requiring that all of the ring sets be interlocked in the 
expanded state. Further, some of the embodiments include one or more end rings that 
effectively cap a pattern used within the body of the stent design. In most situations, 
the end rings can be eliminated if desired. In other situations, appropriate end rings 

15 could be added. 

Several specific stent dimensions have been given by way of example. 
However, as will be appreciated by those skilled in the art, the actual dimensions may 
vary widely based upon the application of the stent. One feature that should be 
20 apparent, however, is that the pitch of the described stents (i.e. the distance between 
adjacent rings/wires) are quite small when compared to conventional stent designs, 
with pitches in the range of 1 to 1.5 mm and smaller being readily attainable using 
conventional materials. 

25 The inventions have been described primarily in the context of vascular stents, 

however, as will be appreciated be those skilled in the art, the described stents are 
suitable for placement in a wide variety of body vessels. Therefore, the present 
examples are to be considered as illustrative and not restrictive, and the invention is 
not to be limited to the details given herein, but may be modified within the scope of 

30 the appended claims. 
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IN THE CLAIMS: 

1 . An endovascular stent comprising a plurality of rings that are interlocked to 
form a tubular stent structure having an axial length, wherein the rings are interlocked 

5 in an axial direction of the stent. 

2. An endovascular stent as recited in claim 1 wherein each ring includes a wire 
having a serpentine configuration that forms a plurality of loops. 

10 3. A stent suitable for use in a body vessel, the stent comprising a plurality of 
interlocking rings, each ring including a wire having a plurality of expandable loops. 

4. A stent as recited in claim 3 wherein at least some of the plurality of loops on 
each ring are arranged to interlock with a portion of an adjacent ring. 

15 

5. A stent as recited in claim 3 wherein at least some of the plurality of loops on 
a first one of the rings are arranged to interlock with at least some of the loops on a 
second one of the rings. 

20 6. A stent as recited in claim 3 wherein a first set of the rings each include a 
second wire having a plurality of expandable loops, the second wire being coupled to 
the first wire by at least one linkage. 

7. A stent as recited in claim 6 wherein the linkages couple apexes of adjacent 
25 loops in their associated first and second wires. 

8. A stent as recited in claim 5 further comprising at least one linkage arranged 
to couple a first sidebar portion of a first selected loop on the first ring to adjacent 
second sidebar portion of a second selected loops on the first wire. 

30 

9. A stent suitable for use in a body vessel, the stent comprising a plurality of 
interlocking rings, each ring having a plurality of expandable loops and at least one 
interlocking member arranged to interlock with an adjacent ring when the stent is in a 

35 non-expanded configuration. 

10. A stent as recited in claim 9 wherein a first set of the interlocking members 
each include: 
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a retaining bar; and 

an anchor carried by the retaining bar, wherein the anchor is arranged to 
interlock with an adjacent ring. 

5 11. A stent as recited in claim 10 wherein a second set of the interlocking 
members each include a coupling member arranged to engage an anchor on an 
adjacent ring. 

12. A stent as recited in claim 11 wherein the anchors are balls and the coupling 
10 members are sockets arranged to constrain the balls. 

13. A stent as recited in claim 1 1 wherein the anchors are hoops and the coupling 
members are sockets arranged to constrain the hoops. 

15 14. A stent as recited in claim 10 wherein the anchor is arranged to interlock with 
an expandable loop of an adjacent ring. 

15. A stent as recited in claim 9 further comprising an end ring having a plurality 
of expandable loops, the end ring being interlocked to an adjacent ring by at least one 

20 of its expandable loops. 

16. A stent as recited in claim 9 wherein the interlocking members include hoops 
arranged to interlock with complimentary hoops on an adjacent ring. 

25 17. A stent suitable for use in a body vessel, the stent comprising a plurality of 

interlocking rings each ring including: 

first and second wires each having a plurality of expandable loops, wherein at 

least some of the plurality of loops on each ring are arranged to interlock with a 

portion of an adjacent ring; 
30 at least one linkage arranged to couple the first and second wires. 

18. A stent as recited in claim 1 7 wherein at least some of the plurality of loops on 
a first one of the rings are arranged to interlock with at least some of the loops on a 

35 second one of the rings when the stent is in an unexpanded condition. 

19. A stent as recited in claim 18 wherein: 
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the linkages couple apexes of adjacent loops in their associated first and 
second wires; and 

the first and second wires within each ring are substantially mirror images of 
one another. 

20. A stent as recited in claim 18 wherein the first and second wires have different 
geometries and are arranged such that apex portions of their adjacent loops are 
complementary. 

21. A stent suitable for use in a body vessel, the stent comprising a plurality of 
interlocking rings, each ring including a wire having a plurality of expandable loops 
wherein at least some of the plurality of loops on each ring are arranged to interlock 
with at least some of the loops on an adjacent one of the rings. 

22. A stent as recited in claim 17 wherein: 

the rings include first and second end rings and a plurality of intermediate 

rings; 

the rings are configured such that adjacent rings have different geometries and 
are arranged such that apex portions of loops on adjacent rings are complementary. 

23. A stent as recited in claim 21 further comprising at least one linkage arranged 
to couple a first selected pair of adjacent rings. 

24. An endovascular stent comprising a plurality of interlocking rings. 
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